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)RUPRVWRIWKHH[LVWLQJPRGHOVDUHREVHUYHGFHUWDLQVKRUWFRPLQJVWKDWHLWKHUVLJQLILFDQWO\DIIHFWVWKHREMHFWLYLW\
RIWKHSURFHVVRIVHOHFWLQJWKHRSWLPDOVROXWLRQRUDIIHFWLWVHVVHQWLDOYDOLGLW\RIWKHPRGHODQGPDNHLWXQXVDEOH






GHFLVLRQ PDNHU LQ WKH SURFHVV RI VHOHFWLQJ WKH RSWLPDO VROXWLRQ :HWKHU WKH GHFLVLRQ PDNHU LV H[FOXVLYHO\ D
FRPSHWHQWVWDWHLQVWLWXWLRQDGHVLJQHUKLPVHOIRUWKHDGRSWHGGHFLVLRQPDGHVKRXOGEHWKHSURGXFWRIFRPSUHKHQVLYH
GHFLVLRQPDNLQJ SURFHVV LQ ZKLFK DOO LQWHUHVWHG VWDNHKROGHUV LQ D FHUWDLQ ZD\ ZRXOG H[SUHVV WKHLU UHTXLUHPHQWV





,Q WHUPVRI WKHVH VKRUWFRPLQJV WKHUH LV D QHHG WRGHYHORS WKH IXOOHUPRUH FRPSUHKHQVLYHPRGHOV FRPSOHWHO\
QHZRUDVDQXSJUDGHRIH[LVWLQJKHDOWK\PRGHOV
,Q WKLVSDSHU LVGHYHORSHGDFRPSOH[PRGHO WKDW LVFKDUDFWHUL]HGE\PXOWLDFWRUDQGPXOWLFULWHULDDSSURDFK7KH
PRGHO LV EDVHG RQ HYDOXDWLRQ FULWHULD WKDW DUH VRUWHG LQ WKH SURSHU KLHUDUFK\ DQG ZKRVH UHOHYDQFH LV YHULILHG E\
VFLHQWLILFPHWKRGV9DOXDWLRQPHWKRGLVVHOHFWHGE\DQLQWHOOLJHQWDFFHVVZLWKWKHKHOSRIGHFLVLRQWUHH7KHPRGHO
SUHGLFWV WKH VHQVLWLYLW\DQDO\VLVRI VHOHFWHGRSWLPDO VROXWLRQ WRFKDQJH WKHPHDQLQJRI VRPH RUDOORIHYDOXDWLRQ
FULWHULD
'HVFULSWLRQRIWKHSUREOHP
7KH WDVN RI WKH GHVLJQHU DQDO\VW RQ WKH OHYHO RI GHYHORSPHQW RI JHQHUDO LQIUDVWUXFWXUH IDFLOLW\ SURMHFW LV WR
GHYHORSVXFKDSURMHFWDQGDWHFKQLFDOGRFXPHQWWKDWZLOOFRQWDLQWKHDQVZHUVWRPDQ\TXHVWLRQVDPRQJRWKHUVWKH
IROORZLQJZKLFKLVWKHEHVWUHVSHFWLYHO\WKHRSWLPDOPDFURORFDWLRQVDQGZKDWLVWKHJHQHUDOOD\RXWRIWKHEXLOGLQJ"







7KH DQDO\VLV RI H[LVWLQJ PRGHOV IRU WKH HYDOXDWLRQ DQG UDQNLQJ RI DOWHUQDWLYH FRUULGRUV RI WKH LQIUDVWUXFWXUH
IDFLOLWLHV OHG WR WKH FRQFOXVLRQ WKDW LQ PRVW PRGHOV WKHUH DUH FHUWDLQ VKRUWFRPLQJV WKDW VLJQLILFDQWO\ DIIHFW WKH
REMHFWLYLW\RI WKHSURFHVVRI VHOHFWLQJ WKHRSWLPDO VROXWLRQV ,I WKHVH VKRUWFRPLQJVZRXOGEHFRUUHFWHG WKHPRGHO
ZRXOGEHDEOHWRSURYLGHDPXFKFOHDUHUSLFWXUHRQWKHLPSRUWDQFHRISDUWLFXODUFULWHULDIRUWKHVHOHFWLRQRIRSWLPDO
VROXWLRQV 8SJUDGLQJ RI LQGLYLGXDO PRGHOV ZRXOG HQDEOH WR REWDLQ D FOHDUHU SLFWXUH RI LQWHUGHSHQGHQFH FULWHULD
GHSHQGLQJRQ WKHDOWHUQDWLYH FKRLFHRI WKHLU LPSRUWDQFHDQGYLFHYHUVD WKH LPSDFWRI WKHHOHFWLRQRQDOWHUQDWLYH
UHVSHFWLYHO\WKHLPSRUWDQFHRQPHDQLQJRILQGLYLGXDOFULWHULD$ODUJHQXPEHURIH[LVWLQJPRGHOVWKRXJKLVEDVHG
RQDQDO\VLVRIPRUH WKDQRQHFULWHULRQ LQHVVHQFHDUHVWLOO VLQJOHFULWHULDOEHFDXVH WKHHYDOXDWLRQRIDOWHUQDWLYHV LV
FDUULHG RXW E\ HDFK FULWHULRQ VHSDUDWHO\ 2Q WKH RWKHU KDQG D FHUWDLQ QXPEHU RI PRGHOV WKRXJK DUH HVVHQWLDOO\
PXOWLFULWHULDOVRPHZKDWXQMXVWLILDEO\DUHIRUFLQJFHUWDLQJURXSVRIFULWHULDODWHO\PRVWO\HQYLURQPHQWDO
)URP WKHSRLQWRIDSSOLFDWLRQRI WKHPRGHORIGHFLVLRQPDNLQJ LQ WKHSURFHVVRI VHOHFWLQJ WKHRSWLPXPVSDWLDO
VROXWLRQVRIWKHOLQHLQIUDVWUXNUXWQLKIDFLOLWLHVDVZHOODVREMHFWW\SHVWKDWDUHPRVWFRPPRQO\SXEOLFJRRGVLWLVYHU\
LPSRUWDQWZKR LV LQ IDFW WKH UHOHYDQW GHFLVLRQPDNHU'RHV WKH GHFLVLRQPDNHU LV H[FOXVLYHO\ WKH FRPSHWHQW VWDWH
LQVWLWXWLRQV D GHVLJQHU KLPVHOI RU DSSURYHG GHFLVLRQV VKRXOG EH WKH SURGXFW RI FRPSUHKHQVLYH GHFLVLRQPDNLQJ
SURFHVV LQ ZKLFK DOO LQWHUHVWHG VWDNHKROGHUV LQ D FHUWDLQ ZD\ ZRXOG H[SUHVV WKHLU UHTXLUHPHQWV XQGHU RQH RI WKH
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DOWHUQDWLYHV 8QIRUWXQDWHO\ PRVW RI WKH VWXGLHG PRGHOV VSHDN H[FOXVLYHO\ DERXW WKH GHFLVLRQ PDNHU ZLWKRXW
VSHFLI\LQJZKRKHLVLQIDFW$QGZKHQLWLVJRLQJWREHVSHFLILHGVWLOOUHPDLQVDGLOHPPDZKHQDWZKDWVWDJH
DQGKRZWRLQFOXGHLWLQWKHGHFLVLRQPDNLQJSURFHVVJLYHQWKDWDOOVWDNHKROGHUVGRQRWKDYHWKHVDPHZHLJKWIURP




D YDOLG H[SODQDWLRQ ZK\ WKH\ DUH SDUWLFXODUO\ WKH UHOHYDQW FULWHULD IRU WKH VHOHFWLRQ RI RSWLPDO VROXWLRQV $Q
DSSUR[LPDWHVHOHFWLRQRIFHUWDLQFULWHULDHYHQ LI WKH\UHDOO\ZHUH LQGLYLGXDOO\UHOHYDQW OHDG WRZURQJVHOHFWLRQRI
FHUWDLQDOWHUQDWLYHVROXWLRQVGHVLJQDWHGDVDQRSWLPDO IRUDQXPEHURI UHDVRQV L WKH\DUHQRW UHOHYDQWHYDOXDWLRQ
FULWHULD LL WKH\ DUH UHOHYDQW FULWHULD IRU HYDOXDWLRQ EXW DUH XQMXVWLILDEO\ VHSDUDWHG IURP WKH JURXS RWKHU UHOHYDQW
FULWHULDDQGDUHWKHUHIRUHJLYHQPRUHLPSRUWDQFHZHLJKWWKDQWKH\UHDOO\EHORQJLLLLIDOOFULWHULDDUHFRQVLGHUHG
UHOHYDQWGXH WRZURQJKLHUDUFK\DPRQJ WKHPWKHZURQJ FOXVWHULQJJURXSLQJ VRPHFULWHULD UHFHLYHPRUHRWKHUV
OHVVZHLJKWRIUHDOO\EHORQJHGRQHV
,W LV RIWHQ WKH FDVH WKDW ZLWKRXW VXIILFLHQW FRQVLGHUDWLRQ RI WKH QDWXUH RI WKH SUREOHP ZKLFK LV EHLQJ VROYHG
FKRRVHVDQLQDGHTXDWHPHWKRGIRUGHFLVLRQPDNLQJPDLQO\RQWKHEDVLVRIZKDWLVHDVLHVWRUPRVWHDVLO\DSSOLHGWRD
JLYHQSUREOHPRULVWKHWUHQG\
7KH PHQWLQHG SUREOHPV DUH YHU\ RIWHQ WKH FDXVH RI HUURUV WKDW RFFXU ZKHQ PDNLQJ SODQQLQJ DQG SURMHFW
GRFXPHQWDWLRQRUDUHWKHFDXVHRIZURQJGHFLVLRQVPDGHRQWKHEDVLVRILQVXIILFLHQWRUSRRUFROOHFWHGLQIRUPDWLRQ










EDVLV RI WKH UHVXOWV REWDLQHG DQG WKH LQWHUDFWLRQ EHWZHHQ VXEV\VWHPV LV EHLQJ FRQVLGHUHG WKH ZKROH V\VWHP 7KH
GHFRPSRVLWLRQRIFRPSOH[V\VWHPVFDQEHVSDWLDOWHPSRUDORUDFFRUGLQJWKHSXUSRVHRIWKHV\VWHP2YHUWKHV\VWHP
ZKLFKLVREWDLQHGE\GHFRPSRVLWLRQFDQEHFDUULHGRXWDFFRUGLQJWRWKHVDPHUHGHFRPSRVLWLRQRUDFFRUGLQJWRWKH
VHFRQGSULQFLSOH'HVLJQDWHGGHFRPSRVLWLRQFDQEHDSSOLHG LQPXOWLSXUSRVH V\VWHPVZKHQRQHRU VHYHUDO VSHFLDO
SXUSRVHDUHREVHUYHG>@
:LWKLQ WKHSUHVHQWZRUNKDVEHHQGHYHORSHGDQG WHVWHGDFRPSOH[PRGHORIGHFLVLRQPDNLQJ LQ WKHSURFHVVRI







7KH SURSRVHG PHWKRGRORJ\ SURYLGHV D FRPSUHKHQVLYH DQG V\VWHPDWLF SUREOHP VROYLQJ LQ WKH GHFLVLRQPDNLQJ
SURFHVV LQ WKH VHOHFWLRQ RI WKH RSWLPXP VSDWLDO VROXWLRQV RI OLQHDU LQIUDVWUXFWXUH IDFLOLWLHV LQ DFFRUGDQFHZLWK WKH
DGRSWHGFULWHULDDQGE\HQVXULQJWLPHO\DQGHIIHFWLYHSDUWLFLSDWLRQRIVWDNHKROGHUVDQGXVHGDVDGHFLVLRQPDNHULQ
WKHLQGLYLGXDOSKDVHV
7KH SURSRVHG RSWLPL]DWLRQ PRGHO LV FRPSH[ DQG ODUJHO\ FRPSUHKHQVLYH ,W FRQVLVWV RI VL[ VWHSV ZKLFK DUH
HVVHQWLDOO\ FRPSOH[ DVZHOO DV WKHPRGHO$W HDFK VWHS LV GHILQHG D VSHFLDOZD\ PRGHO IRU VROYLQJRI SDUWLFXODU
UHVHDUFKSUREOHPVDQGODWHULQWHJUDWHGLQWRDFRPSUHKHQVLYHPRGHO
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,Q WKHVHFRQGVWHS LVFDUULHGRXWDQDO\VLVRI LQGLFDWRUVRIHYDOXDWLRQFULWHULDDQGVXEFULWHULDRU IRUPDVHWRI
SUHOLPLQDU\FULWHULDPDNLQJIRXUSDUWV
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7KHILUVWSDUWRIWKHHOHPHQWVRIWKHVHWDUHLGHQWLILHGRQWKHEDVLVRISK\VLFDOIXQFWLRQDODQGRWKHUFKDUDFWHULVWLFV







7KH IRXUWK DQG ILQDOSDUWRI WKH VHW LVGHILQHGRQ WKHEDVLVRI WKHH[SUHVVHGQHHGV H[SHFWDWLRQV LQWHUHVWVDQG
FRQFHUQVRILQWHUHVWHGVWDNHKROGHUVVWDNHKROGHUVWKURXJKVXUYH\VRULQWHUYLHZV
&RUULGRUV RI DOPRVW DOO LQIUDVWUXFWXUH OLQH IDFLOLWLHV KDYHPDQ\ FRPPRQFKDUDFWHULVWLFV WKDW DUH UHIOHFWHG LQ WKH
FULWHULD DQG WKHUHIRUH PRVW RI WKH FULWHULD WKDW GHVFULEH WKH FRUULGRU RI D OLQH IDFLOLW\ FDQ EH XVHG DV D VHW RI











QHHGHG IRU WKH GHYHORSPHQW RI $+3 PRGHO HYDOXDWLRQ DQG UDQNLQJ YDULDQW FRUULGRU RI LQIUDVWUXFWXUH
IDFLOLWLHV
7KH UHVXOW RI WKH LPSOHPHQWDWLRQ RI 6WHS  LV D VHW RI UHOHYDQW FULWHULD IDFWRUV DQG YHULILFDWLRQ RU SRVVLEOH
UHIXWDWLRQRIWKHGHILQHGPRGHOV
6WHS
%DVHG RQ WKH FKDUDFWHULVWLFV RI HDFK PHWKRG RI 9.$ UHVSHFWLYHO\ LV IRUPHG WKH GHFLVLRQ WUHH WR VHOHFW WKH
DSSURSULDWHPHWKRGVLQVROYLQJFHUWDLQPXOWLFULWHULDSUREOHPVDQGLVXVLQJLWDFFRUGLQJWRWKHFKDUDFWHULVWLFVRIWKH
SUREOHPWREHVROYHGZDVPDGHVHOHFWLRQRI9.$PHWKRGV
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'HFLVLRQWUHH'HFLVLRQ7UHHLVJUDSKLFDOO\SUHVHQWHGWHFKQLTXHVIRUGHFLVLRQPDNLQJE\ZKLFKLVLPSOLHGDVHW









$+3 LVD UHODWLYHO\FRPPRQO\XVHGPHWKRG LQGHFLVLRQPDNLQJZLWKD QXPEHURIFULWHULDDQGDOWHUQDWLYHVEXW
YHU\ OLWWOH XVHG LQ WKH SURFHVV RI VHOHFWLQJ WKH RSWLPDO VROXWLRQ RI WKH OLQH LQIUDVWUXFWXUH IDFLOLWLHV )XQFWLRQDO
PDSSLQJ RI WKH GLIIHUHQW DVSHFWV DQG SRVVLEOH VROXWLRQV LQ WKH GHFLVLRQPDNLQJ HOHPHQWV ZLWKLQ WKH KLHUDUFKLFDO
VWUXFWXUHRIDQ\UHTXLUHG$+3HYHQYHU\FRPSOH[SUREOHPVFDQEHUHODWLYHO\HDVLO\VROYHGLQDVKRUW WLPHLI\RX
REVHUYHWKHSULQFLSOHVDQGPHWKRGRORJ\RI$+3
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3RSXODULW\RI$+3PHWKRGLQWKHZRUOGRULJLQDWHVSULPDULO\IURPLWVIXQGDPHQWDOTXDOLW\DOZD\VLQSDLUVWREH
FRPSDUHGRQO\ WZRHOHPHQWV RIGHFLVLRQPDNLQJDQG WKHUHE\XVH VLPSOH VHPDQWLF VFDOHRQO\ZLWK ILYHGHJUHHVRI
JUDGDWLRQ RI EDVLF LPSRUWDQFH HTXDO WR OHVV LPSRUWDQWPRUH LPSRUWDQW D YHU\PXFKPRUH LPSRUWDQW DEVROXWHO\
LPSRUWDQWO\LQVWHDGRIFRPSDULVRQZLWKDVWDQGDUGPHDVXUHPHQWXQLWNJVHFP,QWKLVZD\WKHPHWKRGLVFORVHU














VHQVLWLYLW\ DQDO\VLV VKRZV WKH UHODWLRQ EHWZHHQ FKDQJHV LQ SULRULWLHV DV D IXQFWLRQ RI DQ DOWHUQDWLYH FKDUDFWHU
DWWULEXWHVLHFULWHULD
6WHS
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$FFRUGLQJO\ WKHGHYHORSHGPDWKHPDWLFDOPRGHORI1$+3LVDPRGHO WKDWSURSHUO\GHVFULEHV WKHUHDOV\VWHP
DQGDVVXFKFDQEHDSSOLHGWRVROYHSUREOHPVFKRRVLQJWKHRSWLPDOVROXWLRQRIOLQHDUIDFLOLWLHVFRUULGRU
7KHPRGHO LV HVSHFLDOO\KHOSIXO LQ RYHUFRPLQJ WKHGLIILFXOWLHV LQPDNLQJ DGHFLVLRQ UHJDUGLQJ WKH LQFOXVLRQRI
UHOHYDQWVWDNHKROGHUVVHOHFWLQJUHOHYDQWPHWKRGVDQGUHOHYDQWGHFLVLRQPDNLQJFULWHULDZKRVHUHOHYDQFHLVYDOLGDWHG
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